The Be Active Eat Well (BAEW) community-based child obesity prevention intervention was successful in modestly reducing unhealthy weight gain in primary school children using a multi-strategy and multi-setting approach. OBJECTIVE: To (1) examine the relationship between changes in obesity-related individual, household and school factors and changes in standardised child body mass index (zBMI), and (2) determine if the BAEW intervention moderated these effects. METHODS: The longitudinal relationships between changes in individual, household and school variables and changes in zBMI were explored using multilevel modelling, with measurement time (baseline and follow-up) at level 1, individual (behaviours, n ¼ 1812) at level 2 and households (n ¼ 1318) and schools (n ¼ 18) as higher levels (environments). The effect of the intervention was tested while controlling for child age, gender and maternal education level. RESULTS: This study confirmed that the BAEW intervention lowered child zBMI compared with the comparison group (À0.085 units, P ¼ 0.03). The variation between household environments was found to be a large contributor to the percentage of unexplained change in child zBMI (59%), compared with contributions from the individual (23%) and school levels (1%). Across both groups, screen time (P ¼ 0.03), sweet drink consumption (P ¼ 0.03) and lack of household rules for television (TV) viewing (P ¼ 0.05) were associated with increased zBMI, whereas there was a non-significant association with the frequency the TV was on during evening meals (P ¼ 0.07). The moderating effect of the intervention was only evident for the relationship between the frequency of TV on during meals and zBMI, however, this effect was modest (P ¼ 0.04). CONCLUSIONS: The development of childhood obesity involves multi-factorial and multi-level influences, some of which are amenable to change. Obesity prevention strategies should not only target individual behaviours but also the household environment and family practices. Although zBMI changes were modest, these findings are encouraging as small reductions can have population level impacts on childhood obesity levels.
INTRODUCTION
Given that the development of obesity is complex, it is likely that effective approaches to preventing childhood obesity will require addressing multiple determinants across multiple settings. 1 Ecological theory and the Ottawa Charter guiding principles for health promotion recognise that there are multiple hierarchies of influence on the development of health; including individual, household and greater environmental contexts. 2 --4 In relation to childhood obesity, at an individual level, food and activity related behaviours have been associated with the development of obesity, with putative pathways including the consumption of energy-dense, nutrient poor foods, sugarsweetened beverages (including soft drink, fruit juice and cordial), larger portion sizes and increased participation in sedentary activities (including television (TV) viewing, electronic games and computer use). 5 --8 Although there has been a focus on individual behaviours as determinants of obesity, individual behaviours are developed and shaped within settings, which in the case of childhood obesity, is predominantly the household. 9 Within the household environment, child risk of obesity has been found to be influenced by parental characteristics (such as parental weight status, nutrition education and educational attainment), parenting practices (such as parent encouragement, role modelling, rules, practices, the types of foods available within the household), and income and socioeconomic status. 10 --14 Enforcing rules governing children's TV viewing such as restricting viewing time and prohibiting TV viewing during meals have been identified as protective household practices for child weight status. 15 In addition, external settings such as childcare and schools also influence child behaviours and potentially child weight status.
A number of approaches to the prevention of childhood obesity have been tested and community-wide approaches are recognised as being able to incorporate the complexity of the issue through the implementation of multi-setting and multi-faceted strategies. 16 Recent international examples of community-based interventions shown to be effective include shape-up somerville: eat smart, play hard, 17 A Pilot Programme for Lifestyle and Exercise, 18 Be Active Eat Well (BAEW), 19 Romp and Chomp 20 and It's Your Move! 21 In this study we performed multilevel modelling on the longitudinal BAEW intervention database to (1) examine the relationship between changes in individual, household and school obesity-related factors and the change in standardised child BMI (zBMI), and (2) determine if the BAEW intervention moderated these associations during the intervention period.
MATERIALS AND METHODS Sample
This study used longitudinal data collected for the evaluation of the BAEW intervention between 2003 and 2006. 19 The baseline sample comprised children aged 4 --12 years from 4 preschools and 6 primary schools in Colac (intervention group, n ¼ 1726) and a comparison sample drawn from 4 preschools and 12 primary schools randomly sampled from the remainder of the Barwon South-West region of Victoria (comparison group, n ¼ 1183).
Environmental data were collected from all 18 primary schools at baseline and follow-up; and individual data were collected at baseline and follow-up, with 84% follow-up rate. Because of missing data, the final analytical sample consisted of 1812 children (intervention, n ¼ 835; comparison, n ¼ 977), from 1749 households (n ¼ 801 intervention; 948 ¼ comparison) and all primary schools (n ¼ 18). Because of additional time needed to recruit the comparison community, there was a longer period of time between measurements in the intervention group than the comparison group (mean 2.97 years (95% confidence interval (95% CI): 2.97 --2.98) vs 2.11 years (2.10 --2.13), respectively). Further details of sampling and recruitment procedures for this study have been reported previously. 22, 23 Measures Anthropometric measures. Child height and weight were measured by trained researchers using standard methods. 24 The primary outcome of interest in this study was the standardised body mass index (BMI) score zBMI, which was derived using the zanthro function in Stata against the United States CDC 2000 reference population. 25 Questionnaire. Behavioural, household and neighbourhood data were collected using a computer-assisted telephone interview from parents/ guardians to capture children's nutrition and physical activity related behaviours, aspects of the household environment and socioeconomic status. 19 The following explanatory variables from the computer-assisted telephone interview were selected for modelling.
Individual measures
At the individual level, explanatory dietary variables included: parent recalls of child consumption 'yesterday' of serves of fruit (1 serve ¼ 1 medium apple, orange, banana or pear, or two small pieces of fruit or a bunch or grapes, or a cup of diced fruit pieces), vegetables (1 serve ¼ 1 cup of salad vegetables, or half a cup of cooked vegetables, bean or peas, not including potatoes or fries), packaged snacks (1 serve ¼ 20 g of potato crisps and other packaged snacks), sweet drinks (1 serve ¼ 250 ml of soft drink, 100% fruit juice, diluted fruit juices or cordials, including energy containing flavoured mineral water and sports drinks) and fast foods or takeaways (1 serve ¼ 1 pie/pastie, bucket of hot chips, plain hamburger, hot dog, piece of fried fish or fried chicken or slice of pizza). These measures were based on the 'Day in the Life' Questionnaire. 26 The 'Day in the Life' Questionnaire has been validated for child-reported, previous day fruit and vegetable consumption and this was modified for parent-report format and expanded to cover three other food/beverage categories. As it was not possible to measure physical activity objectively for this number of children, hours spent playing outdoors after school 'yesterday' was used as an indicator of child activity. 27 Sedentary behaviour was captured through parent reported screen-based entertainment, which was a combination of two measures: the amount of hours 'watching videos, DVDs or TV yesterday' and the amount of hours spent 'playing electronic games (such as computer games or play station) yesterday'. All of these individual level measures have their limitations but were selected on the balance of validation evidence from the current literature and the feasibility of measuring large numbers of children. All questions were pilot tested before the main study.
Household measures Household level characteristics included the number of TV in the house, the incidence of rules for TV viewing (have TV rule/have no TV rules), and the number of nights per week that the TV is usually on during evening meal times.
School measures
To capture the school environment, a school environment questionnaire was used. 19, 23 The school questionnaire comprised 46 items. The variables selected to use in the modelling to represent the school level were the presence of written school policies for healthy eating (yes/no), and physical activity (yes/no).
Statistical analysis
To account for the nested structure of the dataset and avoid misestimating the s.e., multilevel analyses were conducted. To inform the modelling we drew upon the ecological model of childhood obesity as a guiding framework, 9 and tested a series of apriori multilevel models. In accordance with the method of Raudenbush and Bryk, 28 a sequential repeated measures modelling strategy was adopted with complexity increasing in each successive model. Iterative generalised least squares estimation procedures were conducted using MLwiN 29 to construct hierarchical regression models that reflected the nesting of the data, with time (1 ¼ baseline, 2 ¼ follow-up) as the level 1 unit, individuals as level 2 units, and households and schools as higher level units.
Explanatory variables were entered into the multilevel models testing the fixed (average) effects level-by-level, and then interaction effects between the group (intervention or comparison) and separate explanatory variables were tested. For the analyses, child gender, child age (in years) and maternal education level and group were entered as confounders. The variable for child age was entered into all models to account for differences in measurement intervals. To ensure parsimonious modelling, explanatory factors were excluded from successive models if there was a lack of contribution to the model. 30 The relationships between zBMI and individual, household and school level variables were assessed and the specific models tested are described below. Model 2. To test whether there was a relationship between changes in child zBMI and changes in individual behavioural explanatory variables, model 2 included the fixed (average) effects for obesity-related individual behavioural variables (consumption of fruit, vegetables, packaged snacks, fast food and sweet drink; time spent in outside play and screen-based media), while adjusting for the effect of group, age, gender and maternal education.
Model 3a and 3b. As model refinement should be guided by parsimony, 30 any individual explanatory variables that did not contribute to model 2 were excluded from model 3a and 3b. To explore whether there was a relationship between changes in child zBMI and changes in explanatory factors within the household (model 3a), three household variables (no TV rules, number of nights each week TV is on during meals, quantity of TVs in household) were added. To explore the relationship between changes in explanatory factors within the school level and child zBMI (model 3b), the two school explanatory variables (written healthy eating policy and written physical activity policy) were included.
Model 4 (each modelled separately).
In order to examine whether the relationship between changes in explanatory factors and changes in child zBMI differed between the intervention and comparison groups, model 4 included interaction terms between group and explanatory variables that were identified in previous models (Po0.1). 30 To determine the model that best fit the data, models were formally compared using log-likelihood ratio tests for nested models and loglikelihood comparisons for non-nested models. 28 The variance partitioning coefficient (r; also known as the intra class/cluster correlation) was determined to assess the percentage contribution from each level to the unexplained variance in change in zBMI by calculating the variance attributable to differences between levels (e.g., variation between individuals, households and schools). 30 P-values were calculated from the Wald Z statistic, and P-values and 95% CI are reported for each estimated parameter. All analyses were conducted in MLwiN 31 and Po0.05 was considered statistically significant.
Ethics. The Deakin University Human Research Ethics Committee
(approval number: EC20-2003), the Victorian Department of Education Employment and Training and the Catholic Education Office approved the BAEW project. All participants and schools gave informed consent. The trial is registered on the Australian and New Zealand Clinical Trials Registry (ACTRN012607000373471). Table 1 summarises the characteristics of the intervention and comparison groups and also presents descriptive information for each of the explanatory variables. At baseline, children in the intervention and comparison groups were comparable in age, gender, BMI, zBMI and waist circumference. From the 1812 children that provided both baseline and follow-up data, the percentage of data missing for individual level variables ranged from 12 --20% and 11 --30% for household level variables. Followup checks indicated that data were missing at random.
RESULTS

Sample characteristics
Multilevel analysis
Null model exploration (model 1; not shown). The starting model, a 4-level null model, yielded an inflated log-likelihood value, indicating a poor fitting model. The random effects terms in the 4-level model indicated that the proportion of unexplained change in children's zBMI was greatest between individuals (49%), then between households (38%), time (12%) and schools (1%). In order to identify a better fitting null model a basic 2-level null model, a 3-level household null model and a 3-level school null model were compared; with the household null model providing the best fit of the data (indicated by the lower log-likelihood). Similar to the 4-level null model, the proportion of unexplained change in children's zBMI in the 3-level household null model was statistically significant between individuals 52%, households 35% and time 12% (Po0.001). Further confirming the 3-level household null model as the most appropriate model, only 1% of unexplained change in children's zBMI was found between schools, which had no significant relationship to change in child zBMI (P ¼ 0.02).
Test of individual behaviour variables (model 2).
Modelling the direct effects of changes in individual behaviour variables in a 3-level household model identified a significant difference between the groups for change in zBMI, with the intervention group estimated to be 0.085 zBMI units lower than the comparison group (P ¼ 0.03). Of the seven individual behavioural variables included in the model, there was a significant relationship only between changes in child zBMI and changes in sweet drink consumption (P ¼ 0.02) and screen time usage (P ¼ 0.03). These results indicate that an increase in either sweet drink consumption by one glass or screen time usage by 1 h were associated with small (0.015 and 0.017 zBMI units, respectively) but statistically significant increases in child zBMI, when all other variables were constant. There was no evidence of an effect between changes in zBMI and changes in the consumption of fruit, vegetables, packaged snacks, fast food or the amount of time children spent playing outside after school, as these variables were not significantly associated with changes in zBMI ( Table 2) .
Test of household variables (model 3a)
. The results for model 3a are consistent with the findings of model 2 and show small yet statistically significant effects of sweet drink consumption and screen time usage on zBMI. Model 3a also identified that not having household rules for TV viewing was associated with an increase in zBMI by 0.034 units (Po0.05), whereas a nonsignificant trend was found for increases in the number of nights that the TV was on during meals (P ¼ 0.07). An increase in the quantity of TVs in the household was not found to be associated with changes in child zBMI ( Table 2 ).
Test of school variables (model 3b).
Consistent with previous models, the 3-level school model (model 3b) showed a modest but significant relationship between increased sweet drink consumption and increased child zBMI (0.02 zBMI units, P ¼ 0.005). However, no other significant relationships were found ( Table 2) .
Exploration of interaction effects between group and explanatory variables (models 4a --d).
The interaction models showed that there were modest differences between the intervention and comparison groups for the effects of all tested explanatory variables, however, only the interaction for TV viewing during meals with group was statistically significant (model 4d, Table 3 ; population, zBMI) and changes in nutrition-and activity-related individual, household and school factors, and the influence of the community-based health promotion intervention BAEW in moderating these relationships. Compared with the comparison group, the intervention resulted in a small average reduction in child zBMI, indicating a slight shift in the population BMI distribution to the left (i.e., moving closer to the reference population). Multilevel analyses revealed two behaviours to be associated with changes in child zBMI: use of screen based entertainment and consumption of sweet drinks. In relation to sweet drinks, consumption was directly related to changes in child BMI and the relationship was not modified by the intervention. In relation to use of screenbased entertainment, influences on child zBMI were evident at the household and individual levels with household rules, practices (i.e., having the TV on during evening meals) and the amount of time spent using the medium all associated with modest increases in child zBMI. The relationship between child zBMI and TV viewing during meals was found to be statistically different between the intervention and comparison groups. Despite the mean changes in zBMI being modest, these findings indicate that the intervention may have had some influence in moderating the relationship between TV viewing and obesity. This study has extended the previous study by Sanigorski et al. 19 and examined the unique impacts of the different levels of influence within a socioecological framework. This framework guides us towards some key behaviours and environmental factors related to child zBMI. In the current study, several individual behavioural and household factors were found to have a statistically significant effect on changes in child zBMI. We demonstrated a modest but significant relationship between increased intake of sweet drinks and increases in child zBMI; a finding which is consistent with current literature. 7, 32, 33 The small effect size found within this study (0.02) is also consistent with a meta-analysis of ten longitudinal and two randomised controlled trials, which found the association between the change in sweet drink consumption and the change in BMI to be B0.02 (95% CI ¼ À0.01, 0.04; 32), but is smaller than an earlier meta-analysis showing an average effect size of soft drink on average body weight to be 0.09 (95% CI ¼ 0.08, 0.10; Po0.001) for longitudinal studies.
7 Although children's average sweet drink consumption decreased from baseline to follow-up for both groups, there was a greater decrease for the intervention group with the average population consumption reduced by just over half a glass (137.7 ml) compared with the comparison group which had an average reduction of 70 ml. Sweet drink consumption has a direct effect on energy intake and despite the small effect size, obesity prevention efforts should incorporate strategies to reduce children's consumption of sweet drinks.
The demonstrated relationship between electronic media and two related household factors with child zBMI adds further evidence to the need to modify this behaviour during childhood. In this study children were watching B1.5 h (90 min) of electronic media (screen time) per day at both baseline and follow-up. Our modelling demonstrated that for every additional hour children spent watching TV and other screen media use (including DVD, video, computer and other electronic games) child zBMI increased by 0.017 units. Recreational use of screen-based media has previously been related to child BMI, although the results vary and the pathways are not clearly delineated. 34 --37 Likewise, in our study it is not possible to accurately determine the direction of the effect, whereby it may be possible that children with higher zBMI's are simply more likely to watch more screen media. Studies have found, however, recreational screen time to be associated with several obesity promoting behaviours such as higher energy intake, snacking and consumption of high-energy drinks; and lower vegetable consumption and levels of physical activity; as well as higher participation in sedentary activities and exposure to marketing and advertising of unhealthy foods. 11, 38, 39 Several pathways have been hypothesised to explain the relationship with weight, including: (1) time spent in this sedentary behaviour off-sets time spent being physically active; (2) children are exposed to marketing promoting unhealthy foods and drinks which they then consume and (3) children snack on unhealthy foods and drinks while using screen-based media for recreation.
In relation to use of screen-based media for recreation, there has been a focus on individual behaviours and the importance of the household environment and context has received less attention. Our finding that an absence of household rules for TV viewing was associated with modest increases in mean child zBMI supports evidence emerging from the literature that parental monitoring and restrictions on TV viewing are potentially protective against child obesity. 40 --42 The conclusions we can draw from the present study are limited, as the specific conditions of the household rules were not measured (i.e., were they related to time restrictions, choice of games, snacking behaviours, frequency of use and so on). Future research to explore which specific rules directly impact on weight by altering either energy intake or expenditure will be useful for developing interventions to modify this behaviour.
When looking at the specific practice of watching TV during evening meals, we found that the relationship with child zBMI was moderated by group assignment (i.e., intervention or control condition). The finding that the zBMI of intervention children was negatively associated with TV viewing during meals, which was in contrast to the relationship seen overall, suggests that somehow the intervention may have altered the causal pathways whereby this practice is associated with higher child BMI. Although we do not have direct evidence, this finding implies there has been some degree of positive change occurring as a result of the intervention group, which was not evident in the comparison group. Although we cannot determine the exact mechanism for this variation, one potential hypothesis could be that the intervention may have led to an improvement in the nutritional quality or reduction in serving sizes of the children's meals and/or drinks, which resulted in reduced energy intake. A number of the BAEW intervention strategies aimed to engage parents and increase their understanding of healthy foods for children, however, as we did not measure changes in parents' knowledge or skills we cannot account for this. Another possibility, which we cannot rule out, is that endogeneity bias may be present. An example of this could be if families in the intervention group were more likely to adopt and enforce TV rules if they had children with higher zBMI's for example. This could possibly account for the variation between the two groups. Further exploration is needed to assess the extent to which community-based intervention strategies can reduce the influence of TV viewing within the home environment.
When interpreting the findings from this study, it is important to note that this study reports on average values that express the mean of individuals from the intervention and comparison populations. Since the 1990's, Rose has stressed the importance of small shifts in population means towards healthier population values. If we consider our findings, at an individual level these small changes in zBMI are not clinically important, however, on a population level these changes are an important step in the right direction. In their study of data collected in 1988 from 32 countries, Rose and Day 43 demonstrated that in an adult population with an average BMI of 25, a reduction of just 1 kg in mean weight was equivalent to a 2% decline in the prevalence of overweight. Further adding strength to the argument of small population change, through their calculations Butte and Ellis 44 estimated that an energy deficit of approximately 1046 kJ per day is required to prevent further weight gain in 90% of overweight children, this is less than a 600-ml bottle of soft drink (which has B1200 kJ).
Our study identified that changes in zBMI were attributable to multiple behavioural factors, including sweet drink consumption and screen time viewing. Obesity prevention efforts should continue to target obesity promoting behaviours and the environments in which they occur as small reductions in zBMI can add up to make an important step in the right direction for secular trends in obesity.
Limitations A number of limitations were associated with this study. As with all modelling, variables that were unmeasured or not included in analyses, may have accounted for unexplained variance in zBMI. In addition, child and household-level behavioural data relied on parent reports, which may have introduced recall and social desirability bias, although this should be similar across the groups. As the individual behavioural variables were based upon previous day recalls on a weekday, we cannot account for variations between weekend and weekday behaviour. The school level variables for healthy eating and physical activity policy were also relatively blunt and only provided a limited indication of the school physical activity and healthy eating context. As such, these measures may not have been adequate to capture the influence of the school environment on child zBMI. As these findings are based on relatively blunt population level indicators, future studies should explore these relationships in more detail.
CONCLUSION
The development of childhood obesity involves multi-factorial and multi-level influences, some of which are amenable to change. Our findings indicate that population obesity prevention strategies should not only target individual behaviours such as decreasing use of screen-based media and consumption of sweet drinks, but also the household environment and family practices which can shape individual behaviours. It is important that obesity prevention efforts address both individual behaviours and the environmental context in which they occur. Although mean zBMI changes were modest for each demonstrated association, interventions need to persist in targeting the multitude of obesity promoting influences and behaviours as small individual changes can result in large population effects.
